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Abstract
Background. A decline in prevalence of late-life disability in activities of daily living (ADLs) has been 
reported in Western countries. We investigate the time trend of disability in basic ADLs among Chinese 
older people in 1997–2006, and explore the potential contribution of cardiometabolic diseases to the trend.
Methods. The study included 7,845 participants (age ≥ 60 years) in the China Health and Nutrition 
Survey who were examined in 1997, 2000, 2004, and 2006. Data on ADLs were collected through 
interviews. Disability in basic ADLs was defined as need of assistance or inability to perform at 
least one of the five self-care activities of bathing, dressing, toileting, feeding, and transferring. 
Generalized estimating equation models were used to test the time trend in ADL disability and its 
association with cardiometabolic diseases.
Results. Prevalence of ADL disability decreased from 13.2% in 1997 to 9.9% in 2006; the trend 
was statistically evident among people aged 60–69 years, women, and rural residents (ptrend < .05). 
From 1997 to 2006, the prevalence of ADL disability decreased at a relative annual rate of 3.1% 
in total sample; the decline was statistically more evident in young-olds than older-olds, in men 
than women, and in rural than urban residents. The disabling effect decreased over time for stroke 
(ptrend = .032) and multiple cardiometabolic diseases (ptrend = .014).
Conclusions. The prevalence of disability in basic ADLs among Chinese older adults decreased 
from 1997 to 2006. Stroke and multiple cardiometabolic diseases appear to become less disabling 
over time, which may partly contribute to the favorable trend in ADL disability.
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China has experienced an accelerated demographic transition since 
the late 1970s when the nation implemented one-child policy (1). As 
a result, the proportion of older people (age ≥ 60 years) increased 
substantially from 8.0% in 1990 to 13.3% in 2010 (2). Physical 
functioning deteriorates progressively as people age (3). Indeed, the 
prevalence of disability in basic activities of daily living (ADLs), such 
as eating, dressing, toileting, and bathing, increases with advancing 
age (4). Functional dependence in basic ADLs confers a substantial 
risk of institutionalization and poor quality of life (5), which signifi-
cantly increases the need for and costs of long-term care and social 
services.
The time trend of late-life disability has been frequently reported 
in Western countries. In the United States, the prevalence of disability 
or functional limitation in old age substantially declined from the 
1980s through the late 1990s (6), although the declining trends might 
have ended since the 2000s (7). In European countries, reports on the 
secular trends of functional disability among older people have not 
been consistent in the last three decades (8–10). In Mainland China, 
studies on the trends in ADL disability among older people also have 
reported mixed results in the last two decades: one study showed 
a decreasing trend from 1998 to 2008 (11), whereas another study 
found no clear trend from 1992 to 2002 (12). However, some meth-
odological variations (eg, use of various scales for assessing physi-
cal functioning) might hamper direct comparisons across studies. 
Moreover, the time trend was determined based on assessments at 
only two or three time points in some earlier studies (11,12).
In addition, earlier studies have shown that late-life disability in 
basic ADLs is associated with unhealthy lifestyles (13), metabolic 
syndrome (14), chronic diseases (15,16), and comorbidity (17). 
Thus, changes in unhealthy lifestyles and chronic health condi-
tions may affect the time trends of late-life ADL disability (9,18). 
However, very few studies have investigated whether, and to what 
extent, changes in these possible determinants of ADL disability may 
contribute to the trend of late-life functional disability.
Given the facts that the Chinese population is aging rapidly and 
that late-life functional disability causes tremendous economic and 
societal burden, information on the secular trend in basic ADL dis-
ability and its potential determinants is critically relevant for poli-
cymakers. In the current analysis, using data from the China health 
and nutrition survey, we seek to investigate the secular trends in 
prevalence of functional dependence in basic ADLs among Chinese 
older adults, and further to explore the potential contribution of 
major cardiometabolic diseases to the trends in ADL disability.
Methods
Study Design and Population
China health and nutrition survey is a nationwide longitudinal sur-
vey on health risk factors, nutritional status, and health outcomes in 
Chinese populations, as fully described elsewhere (19). Briefly, the 
China health and nutrition survey was conducted in 1989, 1991, 
1993, 1997, 2000, 2004, 2006, 2009, and 2011. Data on ADLs 
were collected only in surveys from 1993 to 2006, mostly on people 
aged ≥55 years. We excluded data from the survey in 1993 because 
a considerable proportion of participants had missing information 
on ADLs. Thus, this analysis included 7,845 subjects who were aged 
≥60 years and who participated in the surveys in 1997 (n = 1,668), 
2000 (n = 1,671), 2004 (n = 2,154), or 2006 (n = 2,352). Following 
the survey in 1997, members from newly formed households who 
resided in the same sample areas, replacement households or replace-
ment communities were added to the sample of subsequent surveys. 
Owing to this sampling strategy, 34.7%, 30.5%, 19.1%, and 15.7% 
participated in 1, 2, 3, and all 4 waves of the survey, respectively.
The survey protocols, instruments, and the process for obtaining 
the informed consent for China health and nutrition survey partici-
pants were approved by the Institutional Review Committees of the 
University of North Carolina at Chapel Hill, North Carolina, United 
States, and the China National Institute of Nutrition and Food 
Safety at the Chinese Center for Disease Control and Prevention, 
Beijing, China. All participants provided written informed consents 
prior to the surveys.
Data Collection and Definitions
Data on demographics (age, sex, education, and living area), life-
styles (ever smoking and alcohol intake), height, weight, and blood 
pressure, and use of medications were collected by trained and certi-
fied health professionals through interviews and physical examina-
tions (19). Ever smoking was defined as a positive answer to the 
question “have you ever smoked cigarettes or pipe?” Alcohol intake 
was defined as regular drinking alcoholic beverage ≥3 times a week 
(20). Body mass index was calculated as measured weight (kg) 
divided by height (m) squared. Obesity was defined as body mass 
index ≥28 kg/m2, a cut-off proposed specifically for Chinese adults 
(21). Hypertension was defined as systolic pressure ≥140 mmHg, or 
diastolic pressure ≥ 90 mmHg, or currently using antihypertensive 
medications (22). Diabetes, myocardial infarction, and stroke were 
defined according to the self-report history of a physician diagnosis. 
The aggregation of four cardiometabolic diseases (ie, hypertension, 
diabetes, myocardial infarction, and stroke) was categorized as hav-
ing none, a single or multiple (≥2) cardiometabolic diseases.
Basic ADLs were measured according to self-reported responses 
to questions that involved five activities of self-care tasks, that is, 
bathing, dressing, toileting, feeding, and transferring (standing up 
from long-term sitting). There were four choices for each activity: 
“no difficulties,” “has some difficulties but still can do without help,” 
“need help,” and “unable to do.” Disability in basic ADL was defined 
as giving the answer of “need help” or “unable to do” in at least one 
of the five activities.
Statistical Analysis
Trends in the characteristics of participants and in the prevalence of 
ADL disability over time were assessed by using a multiple gener-
alized estimating equation regression model to address the correla-
tion of repeated measures within individuals. Odds ratio and 95% 
confidence interval of ADL disability were estimated in each of the 
surveys in 2000, 2004, and 2006 in comparison with that in 1997. 
The relative annual changes in the prevalence of ADL disability from 
1997 to 2006 were also estimated using generalized estimating equa-
tion models, in which ADL disability was considered as a dependent 
variable and the interval (years) from 1997 to the subsequent survey 
years as an independent variable. The association of ADL disability 
with individual and multiple (≥2) cardiometabolic diseases in each 
survey was examined using logistic regression models controlling for 
demographics, lifestyle factors, and other cardiometabolic diseases. 
The time trend in the strength of associations between ADL disability 
and cardiometabolic diseases across surveys was examined by using 
multiple generalized estimating equation regression analysis with the 
interaction term of ADL disability and chronic disease in the models.
IBM SPSS Statistics 22 for Windows (IBM SPSS Inc., Chicago, 
Illinois, United States) was used for all analyses.
Results
Characteristics of Study Participants
Table  1 shows the characteristics of participants by four waves 
of the survey. The mean age of participants increased from 69.1 
(standard deviation, 6.9) years in 1997 to 69.7 (7.0) years in 2006 
(ptrend = .005). From 1997 to 2006, the proportion of participants 
aged 70–79 or ≥80 years significantly increased (ptrend = .004), more 
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subjects were living in the rural area (ptrend = .002) and highly edu-
cated (ptrend < .001), and the prevalence significantly increased for 
smoking (ptrend < .001) and decreased for hypertension (ptrend = .020). 
There was no significant difference in the distributions of sex, alco-
hol intake, obesity, diabetes, myocardial infarction, stroke, and mul-
tiple cardiometabolic diseases across surveys (Table 1).
Secular Trend in Prevalence of ADL Disability
Overall, the prevalence of disability in basic ADLs significantly 
decreased from 13.2% in 1997 to 9.9% in 2006 in the total sample 
(unadjusted ptrend = .001), and in all subgroups by age, sex, and living 
regions (unadjusted ptrend ≤ .05) (Figure 1).
After controlling for age, sex, living region, education, ever smok-
ing, alcohol intake, obesity, and cardiometabolic diseases, a decrease 
in the prevalence of ADL disability remained statistically significant 
in the total sample (ptrend = .005), whereas the stratified analysis 
showed that the prevalence of ADL disability significantly decreased 
among people aged 60–69 years (ptrend = .036), women (ptrend = .047), 
and rural residents (ptrend = .019), and marginally decreased in men 
(ptrend = .059) (Table 2).
Relative Annual Changes in Prevalence of ADL 
Disability
In the univariate model (Table  3, model 1), the relative average 
annual decrease in the prevalence of basic ADL disability was 3.4% 
in the total sample. After controlling for demographics, lifestyle fac-
tors, metabolic factors, and cardiometabolic diseases, the relative 
average annual decrease in the prevalence of ADL disability was 
3.1% (Table 3, model 4). In the multiple logistic model, the annual 
decrease was statistically significant in people aged 60–69  years 
(4.0%, 95% confidence interval  =  0.2–7.7), in men (3.5%, 95% 
confidence interval = 0–7.0), and in rural residents (3.0%, 95% con-
fidence interval = 0.3–5.7) (Table 3, model 4).
Time Trend in the Association Between 
Cardiometabolic Diseases and ADL Disability
After controlling for multiple potential confounders, stroke and mul-
tiple cardiometabolic diseases were significantly associated with an 
increased likelihood of ADL disability in all four surveys, whereas 
hypertension was also significantly associated with an increased like-
lihood of ADL disability in the surveys in 1997 and 2006 (Table 4). 
There was a significant decrease in the strengths of associations of 
ADL disability with stroke (ptrend = .032) and multiple cardiometa-
bolic diseases (ptrend = .014) from 1997 to 2006.
Discussion
The nationwide survey provides evidence that the prevalence of 
disability in basic ADLs among Chinese older adults decreased 
from 1997 to 2006. After controlling for possible confounders, the 
prevalence of ADL disability decreased at a relative rate of 3.1% 
per annum in the total sample; the decline was more evident in the 
young-olds than the older-olds, in men than women, and in rural 
than urban residents. Stroke and multiple cardiometabolic diseases 
appear to become less disabling over time, which may partly contrib-
ute to the favorable trends in ADL disability.
The findings of a decline in prevalence of basic ADL disability from 
the 1990s to 2000s are consistent with the report from the Shanghai 
study (11). However, the Shanghai study showed that the trend of 
improvement in ADL function appeared to be accounted for by the 
competing health conditions such as comorbidities, depressive symp-
toms, and cognitive impairment. By contrast, our results indicated 
Table 1. Characteristics of Participants in the Surveys in 1997, 2000, 2004, and 2006
Characteristics* 1997 (n = 1,668) 2000 (n = 1,671) 2004 (n = 2,154) 2006 (n = 2,352) ptrend
†
Age (years), mean (SD) 69.1 (6.9) 69.2 (6.7) 69.6 (6.8) 69.7 (7.0) .005
Age (years), n (%)
 60–69 1,033 (61.9) 1,003 (60.0) 1,242 (57.7) 1,341 (57.0)
 70–79 488 (29.3) 536 (32.1) 730 (33.9) 799 (34.0)
 ≥80 147 (8.8) 132 (7.9) 182 (8.4) 212 (9.0) .004
Women, n (%) 906 (54.3) 904 (54.1) 1,144 (53.1) 1,249 (53.1) .287
Rural residents, n (%) 995 (59.7) 1,004 (60.1) 1,335 (62.0) 1,488 (63.3) .002
Education, n (%)
 No formal school 1,098 (71.0) 961 (62.4) 1,102 (51.4) 1,279 (54.6)
 Primary school 229 (14.8) 284 (18.4) 519 (24.2) 442 (18.9)
 Middle school or above 220 (14.2) 296 (19.2) 525 (24.5) 623 (26.6) <.001
Ever smoking, n (%) 478 (28.8) 478 (28.7) 711 (33.1) 766 (32.6) <.001
Alcohol intake, n (%) 256 (15.7) 295 (18.2) 359 (16.7) 373 (15.9) .931
Obesity, n (%) 127 (8.6) 148 (9.1) 208 (10.2) 214 (9.7) .356
Hypertension, n (%) 735 (49.1) 789 (48.1) 995 (48.0) 1,023 (45.3) .020
Diabetes, n (%) 53 (3.2) 68 (4.3) 79 (3.7) 90 (3.9) .979
Myocardial infarction, n (%) 19 (1.2) 27 (1.6) 25 (1.2) 43 (1.8) .171
Stroke, n (%) 45 (2.8) 51 (3.2) 93 (4.3) 76 (3.3) .246
Number of cardiometabolic diseases, n (%)
 0 892 (53.5) 843 (50.4) 1,104 (51.3) 1,261 (53.6)
 1 707 (42.4) 732 (43.8) 923 (42.9) 960 (40.8)
 ≥2 (multiple) 69 (4.1) 96 (5.7) 127 (5.9) 131 (5.6) .810
Notes: *The number of subjects with missing values was 267 for education, 20 for smoking, 90 for alcohol intake, 516 for body mass index, 377 for hyperten-
sion, 155 for diabetes, 73 for myocardial infarction, and 137 for stroke. When these factors were considered as covariates in subsequent analyses, a dummy variable 
for each of these factors was created to represent the group of subjects with the missing value.
†The linear trend was tested using generalized estimation equations regression models, if applicable, controlling for age, sex, education, and living region.
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that the decreasing trend was present independent of demographic 
features, lifestyle factors, and cardiometabolic diseases. Unfortunately, 
we are not able to control for cognitive impairment and depressive 
symptoms because these data are not available. The favorable trend 
of disability in basic ADLs implies that the person-years of good func-
tion in self-care activities among older people may have increased over 
time; if this trend continues, the future burden of long-term care and 
social services for older people owing to functional dependence might 
be less worrisome than what was previously projected on the basis of 
relatively stable prevalence of functional disability (23).
The decline in crude prevalence of ADL disability seemed to be 
more impressive in the oldest-old group (≥80 years) than other two 
age groups (60–69 and 70–79 years) (Figure 1). This is relevant given 
that the oldest-old group is the fastest growing segment in popula-
tion aging. The crude rates reflect the real burden of disability in 
the society, which has significant implications for policymakers (24). 
However, the young-old people (60–69 years) seemed to have more 
improvement in ADL disability over time than the older-olds after 
demographics, lifestyles, and cardiometabolic diseases were taken 
into consideration, suggesting that these factors could explain more 
decline in ADL disability among the oldest-old than the young-old 
group. The finding of a more decline in ADL disability in rural than 
urban residents from our study is consistent with the Shanghai study 
(11). It is possible that the new Rural Co-operative Medical Care 
Figure 1. Prevalence of disability in basic activities of daily living over time in 1997, 2000, 2004, and 2006, by age groups (A), sex (B), and living regions (C). *ptrend 
< .05; **ptrend < .01. The prevalence of disability in basic activities of daily living significantly decreased from 1997 to 2006: ptrend < .01 for the total sample, for 
people aged 60–69 years, for women, and for rural residents; ptrend ≤ .05 for people aged 70–79 years and ≥80 years, for men, and for urban residents.
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System that started from the year of 2000 in rural areas in China 
may help older rural residents improve medical services and their 
overall health condition and functional ability as well (25).
Cardiometabolic diseases, especially stroke, are known to sub-
stantially contribute to disability (15). Previous studies have sug-
gested either a stable or a decreasing trend in the disabling effects 
of chronic diseases such as stroke, heart disease, cancer, and multi-
morbidity (9,26). The time trend in ADL disability might be partly 
explained by the trend of disabling effect of certain cardiometa-
bolic diseases over time. We found that the strength of association 
between stroke and ADL disability decreased over time, which is in 
accordance with a report from the Netherlands (9). This finding may 
be relevant given that stroke is the leading contributor to disability-
adjusted life-years in China (27). From a public health perspective, 
however, the significance of this finding should not be over-stated 
because of the relatively small numbers of patients with stroke in 
this study. Similarly, multiple cardiometabolic diseases also appeared 
to become less disabling over time. Again, although multiple cardio-
metabolic diseases become increasingly common as people age, the 
overall prevalence of the condition in our population was only about 
4%–6%. Thus, the decline in population attributable risk of ADL 
disability owing to changes in disabling effect of stroke or multiple 
cardiometabolic diseases is likely to be limited.
However, the exact reasons for the favorable trend of late-life 
ADL disability are not fully understood. The increase in educational 
achievements over time may contribute to the favorable trends in 
disability because research has shown that early life higher education 
is consistently associated with better cognitive and physical function 
in late life (6). However, the trend of ADL disability was present 
independent of demographic factors, lifestyles, metabolic risk fac-
tors, and cardiometabolic diseases. Moreover, the ability to perform 
the basic ADLs depends on the gap between personal capacity and 
actual environment (28). Thus, the continuous development of new 
assistive devices and improvements of accommodations over time 
also may contribute to the declining prevalence of late-life disability 
in basic ADLs (29). This deserves further investigation.
This study is based on a large nationwide sample in China that 
covers a wide range of demographic features, socioeconomic status, 
nutritional status, and health conditions (19). Furthermore, the ADL 
scale was consistently used across different surveys. However, this 
Table 2. Trends in the Likelihood of Disability in Basic Activities of Daily Living, 1997–2006: the China Health and Nutrition Survey
1997 2000 2004 2006
Characteristics n/N OR* n/N OR (95% CI)† n/N OR (95% CI)† n/N OR (95% CI)† ptrend
†
Total 221/1,668 1.00 208/1,671 1.05 (0.85–1.29) 242/2,154 0.90 (0.73–1.12) 234/2,352 0.76 (0.61–0.94) .005
Age, years
 60–69 76/1,033 1.00 60/1,003 0.90 (0.64–1.28) 66/1,242 0.79 (0.55–1.14) 62/1,341 0.69 (0.48–0.99) .036
 70–79 81/488 1.00 97/536 1.25 (0.90–1.74) 111/730 1.00 (0.71–1.39) 105/799 0.85 (0.61–1.19) .143
 ≥80 64/147 1.00 51/132 1.02 (0.62–1.67) 65/182 0.97 (0.59–1.59) 67/212 0.76 (0.47–1.22) .230
Sex
 Men 89/762 1.00 75/767 0.88 (0.62–1.25) 87/1,010 0.74 (0.53–1.04) 96/1,103 0.74 (0.53–1.04) .059
 Women 132/906 1.00 133/904 1.18 (0.90–1.55) 155/1,144 1.05 (0.79–1.39) 138/1,249 0.79 (0.60–1.05) .047
Region
 Urban 84/673 1.00 78/667 1.05 (0.75–1.48) 80/819 0.83 (0.58–1.20) 84/864 0.82 (0.57–1.17) .174
 Rural 137/995 1.00 130/1,004 1.07 (0.81–1.41) 162/1,335 0.96 (0.73–1.26) 150/1,488 0.75 (0.58–0.98) .019
Notes: CI = confidence interval; OR = odds ratio.
*Referent.
†Controlling for age, sex, education, living region, ever smoking, alcohol intake, obesity, hypertension, diabetes, myocardial infarction, and stroke.
Table 3. Average Annual Changes (95% Confidence Interval) in the Prevalence of Disability in Basic Activities of Daily Living, 1997–2006: 
the China Health and Nutrition Survey
Average Annual Change (95% Confidence Interval), %
Characteristics Model 1* Model 2* Model 3* Model 4*
Total −3.4 (−5.4, −1.5) −3.7 (−5.9, −1.6) −3.2 (−5.4, −1.1) −3.1 (−5.2, −0.9)
Age, years
 60–69 −5.1 (−8.7, −1.6) −4.9 (−8.5, −1.2) −4.1 (−7.8, −0.4) −4.0 (−7.7, −0.2)
 70–79 −3.4 (−6.5, −0.3) −2.7 (−6.0, 0.6) −2.5 (−5.8, 0.8) −2.4 (−5.8, 0.9)
 ≥80 −5.3 (−10.0, −0.6) −3.7 (−8.5, 1.1) −3.2 (−8.1, 1.7) −2.8 (−7.8, 2.2)
Sex
 Men −3.7 (−7.0, −0.4) −3.8 (−7.2, −0.3) −3.0 (−6.5, 0.5) −3.5 (−7.0, 0.0)
 Women −3.2 (−5.7, −0.7) −3.6 (−6.3, −0.9) −3.3 (−6.0, −0.5) −2.6 (−5.4, 0.2)
Region
 Urban −3.4 (−6.8, −0.1) −3.2 (−6.8, 0.4) −2.6 (−6.3, 1.0) −2.7 (−6.5, 1.1)
 Rural −3.5 (−6.0, −1.1) −3.9 (−6.6, −1.3) −3.5 (−6.1, −0.8) −3.0 (−5.7, −0.3)
Note: *Model 1 was univariate; Model 2 was controlled for age, sex, education, and living region; model 3 was additionally controlled for lifestyle factors 
(ever smoking and alcohol intake); and model 4 was further controlled for metabolic risk factors and cardiometabolic diseases (obesity, hypertension, diabetes, 
myocardial infarction, and stroke).
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study also has limitations. First, data on lifestyle factors and cardio-
metabolic diseases were from self-reports and not verified indepen-
dently, which might lead to underestimation of the true prevalence of 
certain cardiometabolic diseases such as diabetes and stroke. Second, 
the statistical power was limited for some cardiometabolic diseases 
(eg, diabetes and myocardial infarction) when examining their asso-
ciations with disability as well as the trend in the strengths of their 
associations with disability over time. Finally, although a broad 
range of potential confounding factors were included in the analysis, 
certain relevant factors such as cognitive impairment and depressive 
symptoms were still missed.
In conclusion, data from the nationwide surveys suggest that the 
prevalence of functional disability in basic ADLs decreased from 
1997 to 2006 among Chinese older adults. Furthermore, this study 
provides evidence suggesting that some cardiometabolic diseases 
may have been less disabling over time. Given the significant impli-
cations of the temporal trend in late-life ADL disability for public 
health and health care service systems of the aging society, further 
confirmation of these findings is warranted.
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